A field experiment was conducted in the (2007/08 -2008/09) seasons to study the effects of nitrogen fertilization and plant spacing on yields and its components of three fodder beet cultivars. The experiment was a randomized complete block design (RCBD) in split-split plots arrangement. Nitrogen treatments at a rate of 0, 40, 80 and 120 kg N/ha were assigned to the main plots applied eleven days from planting. Plant spacing (15, 20 and 25 cm between holes) and fodder beet cultivars (Voroshenger, Anisa and Polyproductiva) were allotted to the sub and sub-sub-plots, respectively. Nitrogen application increased root fresh weight; dry weights of shoot, root; green and dry fodder yields significantly (p<0.05) in the first season. Nitrogen had no significant effects on shoot fresh weight. Wider spacing significantly (p<0.05) increased root dry weight in the first season. Green and dry fodder yields were significantly (p<0.05) increased under closer spacing in the second season. Spacing had no significant effects on root fresh weight, shoot fresh weight, and shoot dry weight. Cultivars exhibited highly significant (p<0.01) differences in shoot dry weight in both seasons. Cultivars affected shoot fresh weight significantly (p<o.o5) in the first season and highly significantly (p<0.01) in the second one. Fresh and dry weight of root, green and dry fodder yields were not significantly affected by cultivars. Shoot dry weight was significantly greater under higher nitrogen levels and wider spacing (N 2 S 2 and N 3 S 3 ) in the second season. Nitrogen and cultivars interaction resulted in significant (p<0.05) increase in root dry weight attained by Voroshenger and Polyproductiva cultivars under 80 kg/N/ha (N 2 V 1 and N 2 V 3 ) in the first and second season, respectively. Polyproductiva sown at 25cm apart (S 3 V 3 ) significantly (p<0.05) attained the greatest root dry weight in the second season.
INTRODUCTION
Fodder beet (Beta vulgaris var.Crassa), a member of the chenopodiaceae family, is also known as mangel (Martin, 1976) . The fodder beet is a native of Mediterranean area and was grown as a root crop in Germany and Italy as early as the Sixteenth Century. The crop was introduced into the United States in colonial days (Kipps, 1970) . It is World-wide in temperate zones up to 55 o N (WWW.biolaie.unihambura. de, 2006) .
The production of forage crops is very important for livestock production in the Sudan, which contributes largely to the national income. Animal production in the Sudan depends mainly on natural range which is affected by rain fluctuations and low quality grasses. This necessitates the introduction of irrigated forage crops in the irrigated schemes and in farms around cities like Khartoum.
There are many constrains facing forage production in the Sudan, like lack of information of forage cultivars and technological packages. Suggested solutions for these problems are application of technological packages, integration of animal production with forage production and introduction of new forage species of high yield (Khair, 1999) especially during periods of forage shortage like late winter and early summer.
Fodder beet offers a higher yield potential than any other arable fodder crop (Anonymous, 2006) and when grown under suitable conditions can produce almost 20 t/ha -1 dry matter yield (DAF, 1998) and also yields more than 80 t/ha and this makes it popular in many countries like New Zealand, Germany, America, Australia, Syria and Egypt (Shalaby, et al., 1989) . It contains 10-15% dry matter and may yield 20 t/ha of dry matter in one harvest as compared to 13-15 t/ha from four cuts of grass (Kiely et al. 1991) .
Nitrogen is often the most limiting factor in crop production. Hence, application of fertilizer nitrogen results in higher biomass yield (Blumenthal et al., 2008) .
The above and below growth parts (leaves and roots) are used to feed the animals but, the main fodder is tuberous roots (Ibrahim, 2005) . Therefore the optimum population which produces maximum leaves and roots yield must be carefully determined.
Fodder beet is a good forage especially during the critical period of forage shortage such as early summer season in the Sudan. The objectives of this study are to study the effects of nitrogen fertilizer and spacing on yield and yield components of fodder beet to provide information on cultural practices concerning this important crop under Sudan conditions.
MATERIALS AND METHODS
A field experiment was conducted for two consecutive winter seasons of November (2007-2008 and 2008-2009) , in the Demonstration Farm of the College of Agricultural Studies, Sudan University of Science and Technology at Shambat, Khartoum North (latitude 15 º 40′ N and Longitude 32 º 32′ E).The soil of the experimental site is clay loam, characterized by low nitrogen content (0.05) and Ph of 7. 61-8.26 . A three factors experiment was conducted in a randomized complete block design (RCBD) in split-split plots arrangement and four replications. The main plots were allotted to nitrogen fertilization and the sub-plots to the spacing. Three fodder beet cultivars were used: Voroshenger (Hungarian), Anisa (Italian) and Polyproductiva (Polish). The land was disc-ploughed, harrowed twice, leveled and ridged 70 cm apart. The size of the plot was 3X3 m, consisting of four ridges of 3.21m length. The seeds were sown manually on the shoulder of the ridge at a rate of 4.6 kg/ha (three seeds per hole) on November 30 and 13 in the first and second season, respectively.
The crop was irrigated at 7-10 days intervals depending on the temperature, relative humidity and soil moisture conditions. Nitrogen fertilization in the form of urea (46 % N), was broadcast once before the third irrigation (11 days from planting) at a rate of 0 (N0) as control, 40 (N1), 80 (N2), and 120 (N3) kg N/ha. Triple superphosphate (46% P 2 O 5 ) was added preplanting at a rate of 100 kg/fed. as agronomic practice. Three spacing between holes: 15 cm (S1), 20 cm (S2) and 25 cm (S3) were used. Hand thinning to one plant per hole and resowing by the removed seedlings were done simultaneously after 5-6 weeks from planting during both seasons. Manual weeding by a hand implement"Nagama" was done, after 5 weeks from planting in the two seasons.
At harvest (3 -3.5 months from sowing), when plants showed signs of maturity which is indicated by leaf yellowing and partial drying of the lower leaves, three plants per plot from the inner two ridges were randomly hand-pulled to determine fresh and dry weights (g) of shoot and root. The green fodder yield was obtained by weighing plants in 1.4m 2 and then transformed to ton per hectare. To obtain the dry fodder yield, the weighed plants in 1.4m 2 were dried in an oven at 105°C for 24 hrs, and then they were converted to ton per hectare.
Analysis of variance (ANOVA) appropriate for the split-split plot design was applied (Gomez and Gomez, 1984) . The treatment means were compared using Duncan Multiple Range Test (D.M.R.T) and Least Significant Difference (LSD) procedures at 5% level using MSTAT Computer Program v.4 (1986) .
RESULTS AND DISCUSSION:
Shoot fresh weight: (2000) who reported that supplying beet plants with nitrogen fertilizer up to 100 kg N/fed. significantly increased root fresh weight/plant. Similar trend was observed by Ibrahim et al. (2005) ; El-Shafai (2000) and Ismail (2002) .Spacing had no significant effect on root fresh weight ( Table I ). Despite that, wider spacing of 25cm (S 3 ) recorded the highest root fresh weight during the second season. Cultivars were not significantly different in root fresh weight which agrees with the findings reported by Abdalla (2008) and Nadaf et al. (1998a and 1998b) .
Shoot dry weight:
Raising nitrogen fertilization levels from 40, 80 to 120 kg N/ha has resulted in a significantly higher shoot dry weight (Table 1) . This increase could be due to the increase in the amount of metabolites synthesized by plants due to the effect of nitrogen in enhancing photosynthesis and hence dry matter accumulation. This leads to more growth and consequently accumulation of more photosynthesis assimilates. Similar observations were reported by El-Shafai (2000); Ismail (2002); Nemeat Alla et al. (2002) and Nafei (2004) .Plants grown at different spacing were not significantly different regarding shoot dry weight (Table 1) . But, the productivity of the individual plant was enhanced under lower density planting and under dense planting the single plant produced much less shoot dry weight.
In both seasons cultivars showed highly significant differences in average shoot dry weight. Higher weight was recorded for Voroshenger and Polyproductiva than Anisa cultivar (Table 1 ). This is confirmed by Abdalla (1999) working on two sugar beet cultivars. The interaction effect between nitrogen fertilization and spacing on shoot dry weight (Table 2) showed the superiorityof 25 cm (S 3 ) between holes under 120 Kg N/ha (N 3 ) and spacing of 20 cm (S 2 ) under 80 Kg N/haTherefore the significant highest shoot dry weight/plant was achieved by sowing at spacing of 25 cm (S 3 ) with nitrogen fertilization level of 120 Kg N/ha (N 3 ) in the first season of 25 cm (S 3 ) between holes under 120 Kg N/ha (N 3 ) and spacing of 20 cm (S 2 ) under 80 Kg N/ha.Therefore, the significant highest shoot dry weight/plant was achieved by sowing at spacing of 25 cm (S 3 ) with nitrogen fertilization level of 120 Kg N/ha (N 3 ) in the first season. Root dry weight: Root dry weight was significantly increased as nitrogen rate increased. The greatest weight was obtained by adding 120 Kg N/ha (N3) over the control (N0) and 40 Kg N/ha (N1) in the first season (Table 1) . This increase could be attributed to the role of nitrogen in enhancing plant growth and consequently accumulation of more assimilates .Root dry weight was increased significantly when sown at wider spacing of 25 cm (Table 1 ). This agrees with Hassanin and Ramadan (1999) who stated that 30 cm hill spacing increased root weight (g) over 20 cm within rows. No significant differences were observed between the cultivars regarding root dry weight (Table 1 ). This result is in line with those obtained by Mustafa (2007) and Abdallah (2008) in the Sudan. Root dry weight was significantly affected by interactive effect between nitrogen and cultivars during the second season, when polyproductiva fertilized with 80 kg N/ha (N 2 CV 3 ) attained the greatest root dry weight (Table III) . This may be attributed to the cultivar difference in efficiency of nitrogen utilization. Spacing X cultivars interaction effect on root dry weight was significant in the second season when Polyproductiva cultivar (CV 3 ) planted at 25cm a part had the greatest root dry weight than other combination of cultivars and spacing (Table 4) . Polyproductiva attained the greatest shoot fresh weight which increased photosynthesis besides the more nutrients in the wider spacing and hence the greatest root dry weight.
Green fodder yield:
Increasing nitrogen level up to 120 kg/ha (N 3 ) significantly increased green yield over the control by 29.9% in the first season (Table  1) .This result was supported by Ibrahim (1998) and Basha (1999) who concluded that application of nitrogen significantly increased top and root yields/fed.Also, Mahmoud et al. (1990) found that top and root yield were increased due to increasing nitrogen levels up to 80 kg N/fed. and Nemeat Alla et al. (2002) showed the same trend. Increasing planting spacing was found to be inversely related to green fodder yield. Spacing of 15 cm (S 1 ) had significantly higher yield than 25 cm (S 3 ) which was not significantly different from 20 cm (S 2 ) ( Table 1) . Similar observation was made by Augustinussen (1974) . Also, Kamel et al. (1990) reported that total fresh yield of fodder beet was reduced by increasing plant spacing. In closer spacing there was greater number of plants, compared to wider spacing, which resulted in greater yield. The lack of cultivar differences in green fodder yield as shown in table (I) was consistent with results reported by Nadaf et al. (1998a) .
Dry fodder yield: Dry fodder yield increased as a result of increasing nitrogen fertilizer levels (Table I) . Increasing nitrogen level up to 120 kg/ha (N 3 ) significantly increased dry yield over the control by 23.8% in the first season (Table 1) . This may be due to the effect of nitrogen in enhancing photosynthesis and dry matter production. Similar results were obtained by Ouda and Sohier (2005) , Saif (2000) and Ouda (2002) .Dry fodder yield was increased significantly when beet was sown at denser spacing (15 cm) compared to wider ones (20 and 25 cm) ( Table 1 ).This agrees with Hills and Worker (1974) and Kamel et al. (1990) .The cultivars of Voroshenger, Anisa and Polyproductiva were comparable in dry fodder yield (Table 1) . Analogous result was reported by Al-bayrak and Camas (2006) who reported that Ecdogelb and Ecdorot fodder beet cultivars were not significantly different in fresh fodder yield.
CONCLUSIONS:
* Nitrogen fertilization improved yield of fodder beet, and had significant positive effects on root fresh weight, shoot dry weight, and root dry weight, green and dry fodder yields. Mostly, the highest yield and yield components were associated with 80 kg N/ha. So, it can be recommended to be the optimum dose under Khartoum conditions. * There was a trend for yield components to increase at wider plant spacing of 25 cm. However, the highest (p<0.05) green and dry fodder yields were obtained under closer spacing of 15 cm, which may be due to higher number of plants. So, it is recommended to plant beet at 15cm apart at Shambat area. 
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